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APPLIED 
MATHEMATICIAN 


]. CLaRENCE BELL 


PPLIED MATHEMATICS IS PLAYING an ever- 
growing role in the solution of engineering prob- 
lems. Yet, as Clarence Bell points out, virtually every 
engineering problem is unique from the mathe- 
matician’s point of view—-each requires custom 
methods of attack. Thus, applied mathematics may 
be viewed as an art, requiring the exercise of the 
mathematician’s intuition, ingenuity, and critical 
intelligence. 





The great majority of engineering problems do 
not come in mathematical terms, but must be trans- 
lated into such terms before they can be solved. Clarence notes that, to be useful. 
such solutions call for reasonable physical approximations and mathematical 
forms that are not too difficult to handle. 

Clarence’s first work, after he came to Battelle in 1944, was to learn how 
mathematics might be used in various fields. As a pioneer he had to develop 
his mathematical art as he worked. He found that basic to the application of his 
art is the necessity of understanding precisely what the engineer needs so that 
the solution of the problem will provide the desired data. 

At first, Clarence worked largely on heat-flow and stress problems. More 
recently he has carried on and directed mathematical studies in fluid mechanics, 
ballistics, statistics, acoustics, diffusion, chemical reactions, and other fields. With 
the installation of the Institute’s digital computer, he became its go-between, 
interpreting engineering problems in mathematical terms to fit its capabilities. 

One of his major tasks was the editing of the four-volume Tables and Data 
for Computing Airspeeds, Altitudes, Mach Numbers, which was prepared at 
Battelle for Wright Air Development Center. In addition, he has authored more 
than a dozen publications on problems relating to applied mathematics. 

Clarence first planned a career as a teacher. However, the desire to ente1 
technical work led him on to both an M.S. and a Ph.D. degree in mathematics 
from the University of Illinois. He joined Battelle after two years as an in- 
structor in his chosen field. 

At home, the Bells’ (Mrs. Bell is a mathematician, too) two daughters and son 
spark much of the family’s activity. Clarence is active in his church. Yet he finds 
time for playing the piano, hiking in the mountains, and practicing photography. 
His collection of woods, with over 100 specimens, ranges from apple to zebra. 
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Growing 
Art of 


Invention 


N APPRAISING THE REASONS tor Americas rapid technological 
progress, one should not overlook individual inventiveness. In shops, 
factories, and offices are thousands of ingenious people, who, like 
research technologists, also create ideas that lead to economic 
values. These people supplement organized research in extracting 
from our acquired technical and production knowledge every 
conceivable good. And because more people have backgrounds in 
technical arts, it is safe to assume that Americans today are making 
more inventions——creating more useful ideas than ever before. 


U. S. Patent Office records tend to support this assumption 
although complications introduced by war make the evidence 
inconclusive. Nevertheless, an average of 8.000 more patent 
applications per year were filed in the early 1950's than were filed 
in the mid-1930’s. 


The availability of some 4,000 research laboratories in the United 
States is in itself a factor encouraging freelance invention. Prior to 
the development of these facilities, individual inventors had_ to 
work with makeshift equipment and cut-and-try procedures to perfect 
their ideas. Now, once an idea has been formulated, it can be 
taken to a modern industrial research laboratory for appraisal and 
possible development. Many company laboratories and research 
institutes welcome ideas from free-lance inventors and will make 
mutually profitable arrangements for their development. Xerography, 
the electrostatic process for copy and image reproduction that is 
finding wide commercial use, was originally brought to Battelle by a 
free-lance inventor. This inventor is now profiting handsomely 
from his idea—Battelle has derived funds for more research 
and the firm that financed the commercial development of 
xerography is experiencing rapid growth 


But, inventors per se are not the only people who show 
inventiveness. The man at the drawing board, on the assembly 
line, before a machine tool, or carrying a sales order book also 
comes forth with ideas that are useful. These ideas may be self 
practiced, may go into the company “suggestion boxes’, or may be 
presented to the employer as ideas for organized research. Thus 
efficiency in production and total productivity are affected, even as 


they are affected by the results from research 


The National Academy of Sciences and National Research Council 
among others, have pointed out the contributions of nontechnical 
people to research idea conception. In one chemical company, 
for instance, it was found that 50 per cent of the ideas offered 
for research came from production, sales, and nontechnical 


management personnel. 


From the standpoint of the individual, necessity may no longer be 
the mother of invention in the United States—but personal 
ingenuity still flourishes and grows. 


Withee 


President and Director, 
Battelle Memorial Institute 
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SELF -PORTRAIT 


This is a photomicrograph of an etched and polished steel specimen 
containing misch metal and radioactive lead. It was created when 

a film, sensitive to radiations from the lead, was coated over 

the specimen. The autoradiograph was made during a cooperative study 
of the effect of misch metal additions to steel by Mallinckrodt 
Chemical Works and Battelle. The study is sponsored by the former 
The photomicrograph received a “Best” award in the class “Results 

by Unconventional Techniques” at the National Metal Congress and 
Exhibit of the American Society for Metals. Two other Institute 
metallographic entries received awards in other classifications 
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Renaissance 
in 
Electrostatics 


by Lewis E. WaLkup 


After a brilliant early childhood followed by 
obscurity, electrostatics is again receiving 
attention both for its usefulness and because of 
the problems it creates for industry. 


HE TERM “STATIC ELECTRICITY is applied to those 
manifestations of electricity which involve the force 
of attraction between electrical charges, especially 
between charges at rest. 

In the early studies of electricity, only static elec- 
tricity was known. But with the advent of the chemi 
cal battery and the vast practical importance of elec 
trical devices in which large electric currents flow 
along with electromagnetic devices, static electricity 
was neglected to the point that it received only one or 
two lectures in sophomore physics in most universities 
However, static electricity was never entirely out of 
the picture, even if its presence was evidenced only 
by the nuisance it created in the textile and paper 
industries. 

Within the last decade or so, static electricity again 
has become prominent, not only as an increasing 
nuisance in the handling of synthetic plastics, but now 
as an unusually potent tool in the manipulating of 
small particles. In what follows, consideration will be 
given to some of the factors in this renaissance of 
static electricity and to speculations on some of its 


potential uses as a tool. 


ELECTROSTATIC PHENOMENA 


It is interesting to observe, in passing, that the at 
tractive and repulsive forces between electrical charges 
are the strongest forces in the universe. They exceed 


the forces of gravity by a factor of about 10°, It is 


only by an unbelievably nice balance of the opposing 






















The print being stripped from the plate was produced 
by the electrostatic 
delicate tones are 
available for 


process known as xerography. The 
possible 
controlling 


because of techniques nou 
static electricity 


forces of attraction and repulsion that electrical forces 
of this type do not overwhelm all other effects in the 
universe. It is common experience to observe sheets 
of paper or pieces of cloth so electrically charged that 
they are unmanageable because of their attraction to 
other objects. It is difficult to believe that to be so 
charged, such material objects need have only one 
excess or deficit electrical charge in every 100,000,000 
such charges present in them. 

Everyone knows qualitatively what static electricity 
is and how it can be generated by friction. But. no 
one really understands the mechanisms of this genera 
tion of static electricity. However, it seems fairly cer 
tain that, when any two bodies touch. the materials 


at the microscopically small points of contact ex 











perience catastrophic crushing of their original molec- 
ular structure. All atoms and molecules of solids 
and liquids have many more-or-less loosely attached 
orbital electrons. At such points of contact between 
bodies, the loosely attached orbital electrons of the 
two bodies can pass freely from one material to 
the other. In general, on separation, one of the two 
bodies carries excess electrons. The one body, then, 
has an excess of electrons and is negatively charged. 
The other has a deficiency of electrons and is positively) 
charged. At the end of this process of charge transfer, 
the difference of potential between the two bodies is 
very small. However, this potential difference exists 
across a very thin boundary layer—of molecular di- 
mensions—between the two bodies. Because it is ex- 
tremely thin, this boundary layer forms an electrical 
condenser having a large electrical capacitance, which 
means that even small voltages between the two bodies 
can cause a relatively large electrical charge to flow 
from one of them to the other. When the two bodies 
are separated, this electrical capacitance decreases by 
many orders of magnitude and the potential difference 
between the two bodies increases by the same ratio. 

The potential differences between bodies in contact 
involve many and obscure electrical effects. Accidental, 
and often unidentified, surface films may produce more 
important effects than the properties of the bulk 
materials of which the two bodies are composed. In- 
volved in these differences of potential may be contact 
potentials, electrolytic effects, thermoelectric effects, 
and even the momentum of the electrons during sharp 
impacts between bodies. 

While many attempts have been made to isolate and 
define the basic phenomena involved in frictional or 
contact electrification, experimental results often are 
contradictory. This is to be expected in view of the 
difficulties present in separating and identifying the 
many possible effects. As a result, practical problems 
often are considered only on the basis of the gross 
practical facts involved. Perhaps this is the reason why 
little real progress has been made in past attempts to 
control frictional generation of static charges. If one 
could control surface conditions completely, it should 
be possible to manipulate at will the generation of 


frictional electricity. 
UseruL APPLICATIONS 


Practically all of the useful applications of static 
electricity depend on the forces exerted by strong 
electrical fields on small particles of matter. Perhaps 
the best known of these is the electrostatic precipita- 
tion of dust. Much less dirt than formerly is discharged 
into the air over our major cities because of the use 
of electrostatic precipitation of fly ash and smoke 


from many, although not all, industrial plants. Many 
commercial buildings are kept cleaner by air sy) stems 
that incorporate electrostatic precipitation. A major 
market awaits the manufacturers of household utilities 
when the public can be sold on the idea of including 
electrostatic precipitators in all forced draft heating 
systems or systems that provide year-round air con 
ditioning. This widespread application of electrostatic 
precipitation in the home would be expedited by re. 
ductions in the cost and size of units, by simplifications 
in construction, and by a reduction in the number of 
ions sometimes left in the air by units. 

Closely allied to the precipitation of unwanted 
particles from air is the use of static electricity te 
deposit desirable coatings on other objects. Electro 
static paint spraying is being used increasingly in im 
dustry. Making it possible to use portable electrostati¢ 
paint-spray units might not be an insurmountable 
problem. Such units should greatly increase the speed 
at which paint can be applied in many places wher 
only brushes or rollers can be used at the present timé 

Recently, an announcement was made of a proceg 
developed at Battelle in which finely divided resit 
particles can be deposited on paper. When the resif 
is fused, an entirely new type of surface-coated papet 
results. Many uses are foreseen for this entirely dy 
process. An accompanying illustration shows a labora 
tory machine for applying such coatings. 

It now is becoming evident that the application d 





powdered insecticides is seriously influenced by elec 
trostatic charges on the particles, whether or not an!" 
attempt is made to produce such charges. It is virtuall 

impossible to produce clouds of particles in air with susp 
out giving them an electrostatic charge. Such charge onto 
can be important in keeping particles dispersed ané_trica 
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The laboratory equipment shown here demonstrates a neu 


electrostatic method of coating paper u ith resin 


suspended in air, and in attracting and holding them 
onto the foliage of plants. If properly used, such elec- 
trical effects can increase the efficiency of application 
of insecticides and other solid chemicals to various 
plants. 

Electrostatic fields are used to orient grit particles in 
the manufacture of abrasive papers. This makes avail 
able more sharp points for cutting. Because of this 
and of other improvements, abrasive papers are offer- 
ing increasing competition with older methods for 
machining metals. 

Fibers used for producing flocked textiles and fin- 
ishes are deposited by electrostatic methods. This re 
sults in products which cannot be duplicated by any 
other method. 

The most spectacular application of particle han- 
dling by static forces is the newly developed photo 
graphic process of xerography that was described in 
this publication in November, 1953. As shown in the 
illustration on page 3, this application demonstrates 
the great delicacy with which electrostatic forces can 
deposit powders on surfaces. To produce the desired 


pattern of deposition, electrostatics, in this case, 





has been coupled with photoconductivity to yield a 
photographic process capable of doing with great 
simplicity and economy many of the things previously 
done only by more complicated and more expensive 
processes. 

Electrostatic charges should be useful in temporarily 
attaching films, filaments, or particles to other objects 
during delicate handling or manufacturing operations. 
Such attachment could be done away with simply by 
eliminating or neutralizing the charge. So far, little 


or no practical use has been made of this effect. 


ELIMINATION OF ELECTROSTATIC CHARGES 


Unwanted accumulations of static electricity cost 
our present economy much more than usually is recog 
nized. This is particularly true in the textile industry, 
where handling costs have been increased by the 
widespread introduction of synthetic materials which 
are very susceptible to becoming electrostatically 
charged. Much of the trouble in fabricating textiles 
can be avoided by the judicious application of anti 
static films to synthetic textile fibers. Although this is 
an expensive treatment, it eliminates static electricity 
by allowing the static charge on the fibers to leak 
away. Unfortunately, no antistatic agent yet has been 
developed that will stay on textiles through repeated 
cleaning or washing. Consequently, the customer even 
tually is inconvenienced by the static charge, unless 
he continues to apply antistatic coatings as he cleans 
garments. An economical means for increasing per- 
manency of the electrical conductivity of plastics 
would be a boon to the whole textile industry. 

The printing industry is only slightly less vulnerable 
than the synthetic-textile industry to difficulties with 
static electricity. Again, the situation is made worse 
by the necessity of printing on highly insulating plastic 
films that are being used increasingly for all sorts of 
modern packaging. 

Probably more fires and explosions are caused by 
static electricity than the considerable number directly 
attributed to this cause. Fires and explosions have been 
traced to the ignition by static electricity of explosive 
rare cases, surgical 


vapors and of dust clouds. In 


patients have been endangered b: the electrostatic 
ignition of explosive mixtures of gaseous anaesthetics 
The Bureau of Mines has completed elaborate studies 
of such explosions, and has established operating room 
procedures that can prevent such accidents. 

The handling of inflammable liquids brings with it 
the constant danger of ignition by static sparks. In the 
industries concerned with such liquids, practical ex- 
pedients have eliminated almost all such occurrences. 
In spite of this, constant study is being conducted on 








the subject in the hope of finding new ways to elimi- 
nate completely such static hazards. 

Thus, static electrical charges can be a nuisance as 
well as a useful tool. Where they are a nuisance we 
would like to prevent this accumulation. Often, little 
can be done to stop completely the formation of such 
charges. Almost any contact between solids, or be- 
tween solids and liquids, will generate static charges. 
So, all that can be done is to try to remove such 
charges once they have been formed. 

Generally, only two ways have been used for elimi- 
nating static charges. Of these, by far the most useful 
is that of making the material itself, or its surface, 
sufficiently electrically conductive so that the static 
charges can flow off almost as quickly as they are 
formed. One method of increasing the conductivity of 
many materials is to increase the relative humidity of 
the air in which they are handled. Air itself, dry or 
moist, is, for all practical purposes, a perfect electrical 
insulator. But, the electrical conductivity of many 
materials is increased enormously by bringing them 
to equilibrium with air containing relatively large 
amounts of moisture. In many cases, increasing the 
relative humidity of the ambient air is all that is 
needed to eliminate the accumulation of static charges. 
One problem in this method of eliminating static elec- 
tricity is that the moisture must reach and be absorbed 
by the material itself before it is effective in reducing 
static charges. Such absorption takes time. Frequently 
it is more important to humidify the rooms in which 
materials are stored, than it is to humidify the rooms 
in which they are actually processed. 

The second method generally used for eliminating 
static charges is that of making the surrounding air 
slightly electrically conductive. While this cannot be 
done by increasing the moisture in the air, it can be 
done by the breakdown of air atoms into electrically 
charged ions, by corona discharge from fine wires or 
points, by effective but potentially dangerous radioac- 
tive materials, or by the chemical dissociation that 
occurs in flames. Alternative means for ionizing air 
include ultraviolet light, X-rays, and, it is claimed, in- 
frared heaters. 

In addition to the above direct and obvious methods 
for eliminating static charges, there exist a number of 
more subtle methods, many of which have been neg- 
lected in the past. These can be used to great ad- 
vantage after a real understanding has been gained of 
the specific way in which static charges are generated 
and specifically how they cause trouble. It may be 
found, for example, that, in some cases, the standard 
methods for eliminating static actually do more harm 
than good. There are situations in which grounding 


the machine elements involved—intuitively a desirable 


step—may actually increase the rate at which static 
electricity is generated. On the other hand, insulating 
machine elements and using rolls and guides made of 
good insulators may decrease the generation of static 
Again, by imposing electrical fields across the contacts 
between some materials it is possible to generate elec. 
trical charges that will neutralize charges generated 
when no field is present. Also, making machine ele. 
ments out of the same materials that are being handled 
sometimes will reduce the electrical charges generated 
Like the use of drugs in the treatment of disease 
practical problems of static electricity can be treated 
most effectively only after a specific diagnosis an 


consideration of many possible remedies. 


ELECTROSTATICS IN NATt RI 


No discussion of static electricity would be complet 
without some mention of the awesome manifestatig 
of electricity in nature. In the most spectacular ¢ 
these, lightning blasts may involve millions of volts an 
currents of hundreds of thousands of amperes. Becaus 
of the electrical charge delivered to the earth i 
lightning strokes, combined with the electrical charg 
carried by rain, there exists above and close to th 
earth an average vertical gradient of electrical p 
tential of about 40 volts per toot. The ionized laye 
far above the surface of the earth probably is at; 
potential of as much as plus 400,000 volts with respec 
to the earth. Driven by this potential gradient, ions i 
created by cosmic rays and residus 
to th 


the atmosphere 
radioactivity in the earth and air—conduct 
earth, over its entire surface, a steady current of aj 
proximately 1000 amperes. Such a current probab! 
represents the constant expenditure of about 400,00 
kilowatts of power. 

One little understood but fascinating effect of stati 
electricity is the fairly well-established tact that th 
balance of electrical ions in the air has a conside 
able effect on the moods of human beings. A. sw 
plus of negative ions apparently leads to a feeling | 
well-being. On the other hand, positive ions are sai 
to have the reverse effect, leading to moods of cd 
pression. If really authenticated, this effect might b 
used to benefit mankind; the ion balance in air can b 
adjusted relatively easily, at least within buildings. 

The future of applications of static electricity look 
bright. Developments in industry should place mue 
more emphasis on the delicate manipulation of sma 
particles. The elimination of static charges will be 
more widespread problem in view of the growing ws 


of synthetic materials. 
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Semiconductors 
in 
ndustry 


by Cuarves S. Pert 


Semiconductors, already performing many tasks 
in industry, are being developed and improved 
to fulfill new and more exacting demands. 


HE RAPID GROWTH OF THE electronics industry 
and the increased emphasis on the automatic control 
of machinery in other industries have placed heavy 
new demands upon existing electronic components. As 
a result, many new types of components are necessary 
to fulfill the demands being created 

In most applications, semiconductors are used to 
related to the 


quantity of interest. This quantity may be temperature 


obtain an electrical signal which is 
mechanical movement, electromagnetic radiation, an- 
other electrical signal, or any of a number of other 
factors associated with a particular process. The elec 
trical signals are then manipulated in a variety of 
ways so as to control devices which can present in 
formation in the form needed. For example, in tele 
vision a visual picture is desired; in machine contro] 
correction of the position of a tool may be sought. 
The class of materials known as “semiconductors” is 
of particular interest in any of the applications above 
Semiconductors materials whose electrical 


are con 


The figures in the panels illustrate quantitatively the variety and 
types of changes that occur in semiconductor devices when ambient 
conditions are varied. Units have been omitted because the type 
and purity of the material, the processing method, and the design 
of the det Ice all afte ct the exact characteristics of any om device 
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SEMICONDUCTOR USES AND 


DATA 





Function Desired 


Device 


Property Utilized 


Typical Materials 








Detection and Measurement 


Light 


Heat 


Magnetic Field 


Movement 


Nuclear Particles 


Control 


Current Magnitude 


Current Direction 


Amplification 
Light Amplifier 


Current Amplitude 


Corona Discharge 


Conversion 


Heat to Electrical 
Energy 
Light to Electrical 
__ Energy —S_ 
Electric Power for Heat 
__Pump ___ 
Electric Power to Light 


Electric Power to Heat 


Photo Conductor 


Photovoltaic Cell 
Phototransistor 
Photocathodes 


Thermistor 


Thermopiles 

Magneto Resistors 
Hall Effect Device 
Strain Gage 

Piezo Electric Devices 


Counters, Dosimeters 


Resistors 


Rectifiers 


Transistors 


Light Amplifier 


Surge Arrestor 


Glazed Ceramic Insulators 


Thermoelectric Generators 


Solar Energy Converter 
Peltier Cooling 
Electroluminescence 


Resistors 
Transparent Conductive 
Coatings 


Resistance change 


Output EMF 

Output impedanc 
Electron emission 
Resistance change 


Output EMF 
Resistance change 
Change in Hall voltage 
Resistance chang: 
Change of 

induced charge 
Light output or changing 


resistance 


Resistivity of material 


Change in impedance with 
polarity of applied 
voltage 

Resistance change in on 
junction by current through 
nearby junction 

Electroluminescence and 
change of resistance with 
incident light intensity 

Change in impedance with 
temperature and voltage 


High resistivity 


EMF with temperature 
difference between 


junctions 


EMF with incident radiation 


Transfer of heat by 

- electronic charge carriers 

Light output with electric 
field 

Power loss in resistors 

Power loss in resistive 


materials 


Si, CdS, Se, PbS, PbT: 
Ge, InSb 

Se, Si, Co.O, Ge 

Ge, Si 

Cesium Antimony 


Si, nik ke | onic . 


oxide, cadmium oxide 


manwanes¢ 


AgS, AgSe, CuS, ¢ use, PbS« 

InSb, Bi 

Ge, InSb, Si 

Metals 

Quartz, BaTiO 

Cds. ZnS. Cx Si 

( arbon. boron ( arbon 
chromium nitride, Cr-Ti-N 
metal films 

CueO, Se, Si, Ge rio 


Electroluminescent materials 


and photoc onduc tors 
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The recent rapid rise in sales of electronics products is 
evidence of the growing demand for devices to fulfill 
needs that semiconductors are designed to serve 


ductivity lies between that of metals and that of in- 
sulators. Their electrical properties are extremely sensi- 
tive to a wide variety of factors. Electric or magnetic 
fields, temperature, incident radiation, pressure, purity 
of the material, ambient atmospheric conditions, or 
with the may 

of its properties. 


materials in contact semiconductor 


change one or more electrical 
Consequently, over the past ten years, interest in 
semiconductors has grown 


the industrial uses of 


tremendously. 


INDUSTRIAL UsEs 

Generally, the industrial uses of semiconductors fall 
into three classes: (1) detection of a quantity and 
measurement of the magnitude of that quantity; (2) 
control of some form of energy by the same or another 
form of energy; or (3) direct conversion of one form 
of energy into another more useful form. These classi- 
fications obviously overlap. However, primary interest 
is likely to center in one or two of the categories rather 
than in all three simultaneously. 

Several of the many areas where semiconductors are 
finding application are shown in the table on page 9. 
As would be expected, the electronics industry is the 
prime user of semiconductors and semiconducting 
components, and the applications are as varied as the 
uses for electronics itself. Computers, machine con- 
trol, radar, aircraft guidance, radio, and television are 
just a few. 

Other industries are also aware of the possibilities 
of semiconductors. The electrical power industry uses 
semiconductors in lightning arresters and to eliminate 
corona discharge around insulators. Rectifiers and 
amplifying elements use semiconductors in motor and 
generator control. The telephone industry is utilizing 
transistors in repeater amplifiers and in switching ap- 
plications. Experiments with solar energy converters 


for power in remote locations have also been an 
nounced. The atomic power industry is using semi 
conductors in reactor control applications and as 
detectors for nuclear radiation. The chemical and 
metallurgical industries employ thermistors and ther- 
mocouples in temperature-measuring equipment. Also, 
in various areas, large amounts of d-c power are 
supplied by semiconductor rectifiers. 

Characteristic properties of semiconductors in sev- 
eral applications are shown in: the graphs on page 7. 
The curves illustrate the variety and types of changes 
that occur in semiconductor devices when ambient 
conditions are varied. The way in which they vary is 
shown qualitatively. Units have been omitted because 
the type of material, the purity of the material, the 
processing method, and the design of the device all 


affect the exact characteristics of any one device. 


\DVANTAGES AND DISADVANTAGES 

Industry is interested not so much in the novelty 
of a new device as in practical information about the 
conditions under which the device will operate. The 
relative effects of ambient conditions, efficiency, size, 
ruggedness, power requirements, power-handling ca- 
pability, and frequency response are just a few of the 
areas where information is desired. Semiconductors 
have advantages in some of these areas and disad- 
vantages in others. Transistors and rectifiers are good 
examples to use in discussing these features, since 
they are among the better known components. Other 
devices will be mentioned where applicable. 

One of the major advantages of many semiconductor 
devices is their efficiency. For example, these com- 
ponents do not require auxiliary power for heating 
and, consequently, are extremely efficient when com- 


Charles Peet has participated in and 
directed numerous semiconductor stud 
investigations have led to 
the development of improved high- 
temperature rectifiers and_ resistors, 
transparent electrically conductive 
coatings, fluorescent materials, and 
better production methods for semi 
conductor materials and components 
An active member of the American 
Physical Society and the American 
Institute of Electrical Engineers, Peet received 
both a B.A. and an M.A. in physics and mathe- 
matics from the University of Minnesota. He joined 
the Battelle staff in 1950 
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pared to vacuum tubes, which require hot cathodes. 
Transistor amplifiers operate very close to theoretical 
maximum efficiency. Single-crystal rectifiers, such as 
germanium and silicon, are about 98 per cent efficient. 
Selenium and copper oxide rectifiers operate with an 
efficiency of from 75 per cent upward. Calculations 
indicate that thermoelectric generators for small power 
application may have efficiencies of around 20 per 
cent. In contrast, solar energy converters are somewhat 
less than 10 per cent efficient. 

In cases where semiconductor components are not as 
efficient as other devices, several of their other charac- 
teristics, such as size and ruggedness, make them at- 
tractive. The space required by a transistor is much 
less than what is needed for a comparable vacuum 
tube. Semiconductor rectifiers are also smaller than 
tubes handling comparable electrical currents. This is 
particularly true of the germanium and the silicon 
power rectifiers. 

Most semiconductor components are extremely rug- 
ged. The fact that all the electronic phenomena occur 
within a solid make them highly resistant to shock 
and vibration. Transistors can withstand acceleration 
of 20,000 G’s or greater. 

At the present time, the power-handling capabilities 
of some of the semiconductor components are not as 
great as could be desired. Nevertheless, transistors are 
already available which will handle several watts of 
power in the audio-frequency range. In switching ap- 
plications, perhaps 40 or 50 watts can be handled. 
Rectifier devices can handle power ranging from 
microwatts in the case of microwave detectors to 
hundreds of killowatts in the case of germanium, 
selenium, and copper oxide rectifiers in series and 
parallel arrangements. 

The usable life of semiconductor devices appears 
to be good. The transistor is less than ten years old 
and, therefore, data on longer term life are nonexistent. 
It appears that the failure-rate of transistors is as low, 
if not lower than that of vacuum tubes. Copper oxide 
rectifiers have been operating continuously in some 
circuits for 20 years. Selenium rectifiers have been 
operating upwards of 10 years under proper condi- 
tions. Resistors are extraordinarily reliable in most 
circumstances. 

One of the present problems affecting the reliability 
of semiconductor components is their sensitivity to 
ambient conditions. With very few exceptions, the 
components must be protected from such atmospheric 
effects as moisture and chemical contaminants. Tran- 
sistors and single-crystal rectifiers are, at present, being 
hermetically sealed because of their highly sensitive 
surface electrical properties. Selenium and copper 
oxide rectifiers and resistors are either hermetically 
sealed or given protective coatings of some sort to 


prevent oxidation or other chemical reactions. Ap. 
plication of protective coatings to many of these com- 
ponents is not a major problem. However, methods 
for stabilizing surface electrical properties of trans. 
sistors still require further research. 

Most semiconductor devices are very sensitive to 
temperature. The power-handling capabilities of ger- 
manium transistors and rectifiers are limited because 
they will not operate at internal temperatures greater 
than about 80 C. Silicon rectifiers and transistors oper- 
ate satisfactorily at internal temperatures up to 150 C 
or a little higher. Selenium rectifiers operate satis- 
factorily at ambient temperatures of about 125 ( 
with somewhat limited life. It appears that titanium 
dioxide rectifiers, although they are not yet in produc. 
tion, will operate satisfactorily at ambient tempera 
tures of at least 250 C. Investigations are in progress 
to develop materials, and thus devices, that operate at 


still higher temperatures. 


Promisinc New AREAS 

Many new areas in the field of semiconductor de 
vices are being investigated at the present time in th 
research laboratories. One of the major tasks is search 
ing for new semiconducting materials. The group ol 
semiconductors called the “intermetallics” has receive 
increasing attention over the past few years. Examples 
of these materials are indium antimonide, aluminur 
antimonide, gallium arsenide, and indium phosphid 
If the problems of producing materials with control 
lable properties can be overcome, it should be possibk 
to tailor present electronic components to fit an in 
creasingly wide group of applications. It should als 
make possible the development of components whic! 
would extend the operating range beyond the present 
day limits, in temperature, power, and _ frequenc 
response. 

Among the newer devices receiving attention ar 
the solar energy converters. In areas where wate 
power, coal, or natural gas are not available, conversio 
of solar energy directly to electrical energy would be 
major asset. Some of the newer semiconducting ma 
terials may make it possible to do this more efficient} 
and more cheaply than is possible with the presen! 
solar-energy converters. However, the cost of sola 
energy converters, which at the present time wil 
produce only small amounts of power per unit, woul 
be prohibitive for large units by present manufacturing 
techniques. 

Semiconductors also are being investigated as th 
material for use in thermoelectric generators. Metalli 
thermocouples are well known but are limited becaus 
of their low thermoelectric power. Semiconductor 
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have quite high thermoelectric powel and the devel 
opment of thermoelectric generators for low powel! 
applications appears increasingly attractive. Another 
thermoelectric effect being investigated is Peltier cool 
ing. Materials having large Peltier effect (i.e., thermo 
electric power) are useful as a direct nonmechanical 


heat pump. Materials which would allow an increase 


in efficiency of a factor of two or three would make 


electronic cooling competitive with present-day com 
pressor methods. Several new materials, such as bis 
muth telluride, seem to hold promise in this area. 
Another area which has just started to receive at- 
tention is that of magnetoresistance. The discovery of 


the semiconductor indium antimonide, with its very 


large resistance change in a magnetic field, may make 


the use of magnetoresistance attractive in several con 
trol applications. Amplifiers and motor or generator 
controls based on solid-state devices, as well as very 
sensitive magnetometers, should be possible. 


There is also an increased need for better infrared 


FISH IN REACTOR 


components Here again, the new semiconductors seem 
to offer the greatest possibility 

Of course, improvement is constantly being sought 
in transistors and rectifiers. In the next few vears 
transistors operating at frequen les up to and possibly 
higher than 1,000 megacycles per second may be avail 
able. The possibility of handling increasingly large 
amounts of power seems to be not too far off. Silicon 
seems to offer the greatest promise in this respect 

The volume of semiconductor devices used in in 
dustry has increased each vear tor the past several 
vears. The number of people working on both basic 
and applied semiconductor research has also mounted 
steadily during the same vears. Interest in new ap 
plications seems to be growing. Many companies have 
established groups in their laboratories for work in 
All of these trends indicate that the 


application of semiconductors in industry is still in its 


this area only 


early stages. In the next few vears, an even greater in 


crease in the use of these devices may be expected 


‘One of the chiet requirements of a good research man is a lively 


( uriosity 


and the will to do something about it 


Looking at the 


swimming-pool-type reactor when both he and it were not too busy 


one day 


that sinister environment. By reasonably legitimate 


a research worker wondered how 


a goldfish would fare in 


means, a goldfish 


was secured and dropped in with a little food as a going-away present 


Surprisingly 


it lingered only briefly at the top out of harm’s way, but 


swam to the verv bottom where there was nothing to graze upon but 


cobalt isotopes 


\Mloreover it staved there for two weeks apparently 


enjoying the surroundings, before passing out and up, permanently. In 


the post mortem there were some who thought the 


down to get his gold transmuted to lead 


goldfish went 


However. being more 


intelligent than shown by his facial expression, it is probable that the 


fish merely tollowed the trail that 


oxvgen in the water 


led to the 


greatest concentration ol 


Bruce W. Gonser, in ASTM Bulletin 
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a CARBON FINE-PORE STRUCTURE 


It has been known for some time that the 

densities of synthetic carbons, as deter- 

mined by liquid or gas displacement, are 
less than the densities obtained from X-ray diffraction 
measurements. This discrepancy has been interpreted 
as evidence of micropores which are inaccessible to 
the liquid or gas, either because they are too small to 
admit the gas or liquid molecules or because they are 
sealed off from the outside. 

An investigation touching this problem has been 
conducted at Battelle. L. B. Loch and A. E. Austin of 
the Institute report that they studied the relationship 
between crystallite size and volume of micropores for 
a wide range of experimental carbons and graphites. 

Using a sink-float method, Loch and Austin frac- 
tionated each carbon according to liquid-displacement 
density. X-ray diffraction measurements on a number 
of density fractions showed that the fine-pore content 
increased regularly with decreasing crystallite size. 
The results indicated that the fine pores are voids be- 
tween adjoining crystallites. Thus, the amount of fine- 
pore volume is proportional to the total surface area 
of the crystallites. The void thickness, i.e., the distance 
between adjacent crystallites, has a characteristic value 
in each type of carbon or graphite. 

The Battelle technologists suggest that a better un 
derstanding of some of the other properties of carbons, 
particularly electrical and mechanical, might result 
from further study of micropore structure. 


% RESEARCH IN 1956 
Industrial and scientific research in the 
United States should reach another new 
high in dollar volume in 1956, according to 
Clyde Williams, president and director of Battelle. 
He predicts a national expenditure of $4.5 billion for 


industrial and governmental research, basing his pre- 
diction on an observed relationship between research 
and gross national product. 

Recent estimates place expenditure for research in 
1955 at about $4.1 billion, up $350 million from 1954, 
“If the country’s total production of goods and services 
reaches $400 billion in 1956, as many economists pre- 
dict, the nation’s research activity, conservatively pro- 
jected, should be in the order of magnitude of $45 
billion”, he stated. 

The Battelle president points out that for the past 
quarter century, expenditures on research have been 
increasing faster than the gross national product, or 
total production of goods and services. In the past five 
years, research has averaged about one per cent of 
the nation’s total economic activity and the ratio has 
gradually increased. In keeping with this upward 
trend, research should be at least 1% per cent of gross 
national product in 1956. 

Dr. Williams points out that industrial firms, taken 
as a whole, spend much more than this proportion of 
their gross incomes on research. Research in industry 
averages 2 per cent of gross sales. Many companies in 
fast-growing industries, such as the aircraft, chemical 
plastics, electronics, and pharmaceutical industries, 
spend 4, 5, or even 10 per cent of their sales dollars 
on research. 

“In almost every branch of industrial endeavor”, Dr 
Williams states, “there are imminent possibilities for 
solving problems, increasing profits, and extending 
prosperity through research. These possibilities as- 
sure increased activity in all phases of applied science 
in 1956.” 


oe FUTURE FOR SYNTHETIC FUELS 


Interest in synthetic liquid and gaseous 
fuels has declined recently from the high 
after World 
War II. The expanded exploratory and drilling activi 


point reached immediately 
ties of recent years greatly increased the prover. re- 
serves of both oil and gas and reduced the immediate 
need for synthetics. However, a study by Howard R. 
Batchelder and Harlan W. Nelson of Battelle indicates 
that a demand for such fuels may exist by 1965. 
Batchelder and Nelson discussed the subject betore 
the Joint Fuels Conference of the American Institute 
of Mining and Metallurgical Engineers and the Ameri- 
can Society of Mechanical Engineers recently. They 
pointed out that both our growing population and ris- 
ing standard of living will create a demand which will 
probably make synthetic fuels a necessity. Working 
from the best available estimates the Institute staff 
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members concluded that production of domestic crude 
may reach a peak about 1965 and then gradually 
decline. They also estimated that reserves of natural 
gas probably will be only ten times annual consump- 
tion by 1975 (compared with 22 times in 1955), 
necessitating curtailment in use or supplementing the 
supply with synthetic gas. 

If these figures are borne out, the paper points out, 
an investment of about $37 billion would be required 
by 1975 to supply additional synthetic liquid fuels 
that would be necessary. An additional expenditure 
of $2 billion would also be called for to establish 
the plants needed for synthetic fuel-gas manufacture. 


oN SIMILARITIES IN COMBUSTION 


The mathematical technique of similarity 

analysis is potentially useful for solving 

complex combustion problems, according to 
Albert E. Weller of Battelle. 

In the paper, “Similarities in Combustion”, presented 
December 9 at the second AGARD (Advisory Group 
for Aeronautical Research and Development of the 
North Atlantic Treaty Organization ) Combustion Col- 
loquium in Liege, Belgium, Weller reviewed the use 
of similarities in studying combustion, pointed out the 
difficulties that have been encountered, and made 
recommendations that may make this mathematical 
procedure more productive in combustion research. 

Largely as a result of the need for data on high- 
duty combustors for aircraft, he stated, increased re- 
search effort has been directed toward combustion 
phenomena in recent years. At the same time, because 
cost considerations have limited full-scale experiments 
that would give the desired data directly, combustion 
technologists have sought to apply similarity tech- 
niques to combustion problems. In some phases of 
science and engineering, such techniques enable re- 
search men to relate the behavior of physical models 
to their full-size counterparts and to obtain more in- 
formation from a given experiment. But similarities 
applied to combustion research have not been as 
productive as might be expected and have yielded 
ambiguous results under certain conditions. 

The Battelle technologist cited the probable causes 
of past difficulties and the bases for his belief that 
similarity analysis may prove fruitful in future com- 
bustion research. He noted that a set of critical, bench- 
mark experiments might supply data that would lead 
to a better understanding of scale effects on com- 
bustors. Such data, he said, might also allow scaling 
procedures to be developed for combustion systems. 
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SY. RESTORING TITANIUM DUCTILITY 


The costliness of titanium often makes the 
reclamation of the fabricated metal impor- 
tant both for reasons of economy and time 
Titanium alloys are used in the manufacture of forged 
aircraft jet engine. 


+ 


compressor wheels for the J 73 
Such wheels are now machined from two titanium al- 
Ti-140A and RC-130B. 

Before acceptance, the wheels are required to pass 
Aircratt Gas 
Turbine Division of the General Electric Company 
found that the rejection rate for some of the Ti-140A 
wheels was running above 80 per cent because of in- 


loys 


a minimum tensile specification. The 


sufficient ductility. This rejection rate made reclama- 
tion highly desirable 

Battelle was asked to study methods of treating the 
wheels so that their ductility would be increased above 
the specified minimum. Institute metallurgists were 
also asked to attempt to develop parallel treatments 
for both types of forgings. 

D. N. Williams and R. I. Jaffee of Battelle report 
that heat treatments were developed which appre 
ciably improved the ductility of both the Ti-140A and 
RC-130B compressor wheels. In the treatment giving 
the best results for Ti-140A, the material was annealed 
about 100 F below the beta transus (about 1600 F). 
It was then slowly cooled (2 F per minute) to the 
stabilizing temperature of 1200 F, where it was held 
for a short time. This resulted in a large increase in 
ductility with but a slight loss in strength. A parallel 
treatment was developed for KC-130B. In cases where 
a high hydrogen content was present in Ti-140A, heat 
treatment in vacuum resulted in a remarkable improve- 
ment in thermal stability. 


ae RADIOACTIVITY IN STEEL 


The poor hot forgeability of certain types 
of steel is a constant challenge to metal 
lurgists, who are ever searching for new 
methods of attack upon the problem. A current joint 
effort by Mallinckrodt Chemical Works and Battelle 
is aimed at finding fundamental reasons for poor 
forgeability and a possible cure through an evaluation 
of the effect of rare-earth additions to steel. Part of 
the investigation involves the use of radioactive trace 
elements to aid in showing the effect of misch metal 
on the location and distribution of impurities such as 
lead and sulfur. 
C. M. Henderson of Mallinckrodt Chemical Works’ 
DuMont 


]. E. Gates of Battelle report that an alloy steel contain 


Development Department and C. S. and 








ing 25 per cent nickel, 20 per cent chromium, 3.5 per 
cent copper, and 2.5 per cent molybdenum was used 
as a base material in this investigation. It was found, 
through the use of autoradiographic and metallo- 
graphic analyses, that cerium and neodymium atoms 
were dispersed throughout the matrix and were also 
slightly concentrated in the interdendritic zones of the 
as-cast material. There was no evidence of the con- 
centration of the radioactive metals around inclusions. 

Future work will be directed to the use of this tech- 
nique to study the influence of additions of rare earths 
on the distribution of impurities such as lead, tin, 
sulfur, and phosphorus. 


x PURCHASERS AID RESEARCH 


Leading economists are beginning to recog- 
nize the importance of research as one of 
the many factors tending to stabilize busi- 
ness and shave the peaks and valleys of the business 
cycles, according to Richard J. Lund, manager of 

Battelle's department of management services. He 

pointed out, in a talk before members of the Sixth 

District of the National Association of Purchasing 

Agents, that as new products are developed by re- 

search, the demands of the consumer increase markets 

and create new opportunities for investment. 
Purchasing agents have a wealth of information on 
how products will be used, what is expected of them, 
and what competitive products are available. They 
also know the requirements of their companies. This 
information, supplemented by data which other execu- 
tives can supply and by available statistics, can help 
assure that money will be most profitably spent for 
technical research. As suggested by Leo Bailey of 

Battelle, such data will aid companies in these ways: 
1. Uncover market needs not anticipated in the 
technical research program. 

2. Weigh the relative chances of sales success that 
might be expected from different technical re- 
search alternatives or products being considered 
for further development. 

3. Reveal competition not foreseen when the tech- 
nical budget was set up. 

4. Discover and evaluate economic and other prob- 
lems relative to the use of products before funds 
have been spent for research and development. 

5. Narrow the number of materials or products 
meriting research to those having the best chance 
for customer acceptance by emphasis on use pat- 
terns, preferences, and economics. 


6. Indicate whether products acceptable in all other 
respects as subjects for technical research an 
suited to the financial and sales capabilities of 


the company. 


Aid in ranking attributes probably attainabk 
through technical research according to the im 
portance placed on them by potential customers 
the fact that 


products have all desirable characteristics. 


giving full recognition to few 

These uses of the data lead to tangible results by 
concentrating the research expenditures of companies 
on products that have appeal for and are needed by 


the ultimate consumers. 
ee 


Francis W. Boulger and Robert H. Frazier, both 
of Battelle, have the 
1955 Robert V. Hunt Award for their paper on “In 
fluence of Carbon and Manganese on the Properties 
of Semikilled Hot-Rolled Steel”. The pre- 
sented annually by the American Institute of Mining 


been selected as winners of 


Award is 


and Metallurgical Engineers to authors of each year’s 


best paper on iron and steel 


As a reflection of Battelle's increasing activity and 
interest in the fields of aerodynamics, Hight propulsion 
and aeronautical engineering, Fred Bagby has beet 
appointed chief of the Aeronautics and Thermody 
namics Division. This division will handle assignments 
in such allied areas as aerosols, fluid dynamics, com 
bustion physics, heat transter, and thermal systems 
engineering. 

Bagby, who has been serving as acting chiet of the 
Combustion and Applied Physics Division, joined Bat 
telle in 1946. Previously, after receiving a B.S. i 
mechanical engineering from the University of Utah 
he had served as a production design engineer with 
Curtiss-Wright Corporation's Airplane Division 


Battelle metallurgists R. J]. MacDonald and KR. | 
Carlson, cooperating with W. T. Lankford of United 
States Steel Corporation, have developed a high-speed 
tensile testing apparatus. The equipment, which con- 
sists of a 10-ton Denison hydraulic press and a spe. 
cially designed subpress, permits obtaining total strain 
rates from 4 in. to 190 in. per minute. A paper de- 
scribing the application was presented recently be 
fore the Society for Experimental Stress Analysis 





